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- ( / ) 

i^il j ' tJI-Ilffl^ S 7^ LED ( light-emitting 
diode) • JH^tU-hifS (GaN-based) IE - V M M U H 
^.m^mmm • £ £ % m m - ft m m ( Resonant 
5 Cavity) jj£ flg . ^ S ffl ft LED£ g . ft » S 5l S 

$u ^ m ^ ^ & *i *t ' mmm^mi^^ 

6ft ' f ta^t^f ? (Luminous Efficiency) £. ji 
# • 

^mmi?m ' — StS± (substrate) J^Hi 

10 ^M^pft (Multi-Quantum Well • fj| fg MQW ) yg '[4 
Jf (Active layer) » J. M t£ H 2. H =Pr W n-GaN ^ f| 

Huifljt ' *±J»3LMQW®l!tJ»±^SWp-S^a» 
S^Si (Distributed Bragg Reflector' jgjfgDBR) > p- 
M DBR± f% M W p-GaN^ ^ J| yTl ft Jf ' nliltg 
15 ( n-type metal contact) nj §& fg n-GaN j| tti M 

± ' pM^zJSIHl ( p-type metal contact) njf&fli^p- 
GaN Jf ± . SfeJS^MI^W — Jl ^ ftf Jf ( metal 
Reflector) » ffff l# J& ~ Wt ft ^ S 0 

20 Rj gg t5 * ^ Iff Jf ( buffer layer ) » % ~ MQW^ f£ 
Jf * n-GaN ^ ^ H H H rJC^ W * f£ — MQWgf f > p-M 

DBR^^njij&^rfn j£ . Iilli51f tlRi 



W r Staled j tLl&m^ 
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m & ' ^11^^1 3 8 3 5 o swtz. r m^tm 

5 4 s ' &9t%l7Gflr ^Snmtmm ( InGaN) - lifjfef 
TfeifaTSiZISH^H^Tfel^ ( yttrium aluminum 
garnet > gp YAG ) > I. « ft » # TGff^ ffl & ft ( A ) ft 
m470nm^M7fe ' ?¥ % 9 YAG^ ft «& 8 ffi ^ H ( X ) ft 
USSOnm^Sfft > M ffi S ffc« £ fll M £ ± 

10 6 ft ' & H 1 6 II P/T 7F £ p D o ffl ( Chromaticity 
diagram) ^ ' Wbn1kM&2.&.W:i%{±L~fc%&a ( 470nm) 
f&Kia' ( 550nm) ffi % J« £ ft & L 1 ± - _§L tf r ft "fe £ 

2. tit # te m j W 3£ : tf • ifcb-^^;#^«ffi± • tfj 

15 ( 1 ) > -fejg ( Chromaticity) J£ ffilj ^ 1, : fu £ H 

^ # # YAG £3fe*&£ifcfln*2fc&fjHlfeJg 
( Chromaticity ) » » J£ LED £f Bf £ r & Si! fM & 
$0 j • *^^*Ste± ' YAGf 3fef&^iJ0ll^^g 

20 (2) *jt£#g3*fift : £Pf£ 1 6 B5l»©Lim 

75 ' M $k £ 1> ^ # M 1^ t£ m M £ 6 ft ' M^$0X1^ 

(#gia)fc) ' #l ^ fig ftl s « ® •• H xfcfc ' £ 
ft * ttr §1 > lii * t i a * ff t§ # ffl #§ £ ^ m 
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* . I 



A7 
B7 



SN-2002-P04-tw - 5/28 



i * &WifLW ( 3 ) 

(3) * S^&^&iE : S^YAGf ^l&tf f 7fe 

il ° 

5 Sf ^Dill^l 4 0 6 4 4 2 i^ r SfeLED 

cdznse^^ . MmttiE^^iii^mM^ • mmmifiw. 

HP j£ £ a Tfe : 'It ' Jtfa B - a ^ # ' ^ S Tfe «C ^ ( ifa 8 
10 lm/W) Rmw (1^8000 hr) > g jfcfc > ^« 

. * $t eg m m m ■ ^mum^ r & 

led > txff^mixmm • 
mj^*»^3:3E5B«i ' gp & si #i - at r e & » 

20 01 * ^#B^^^^ B H H ^t#^^M#7fe^-fe^ ' *@ 

02 * ^mmm&mmmmmmm • & «r w 3& » <s 

^ H, >^ ; 
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20 



25 



03 * # & SB H j£ ft & 2. SI ft- . i5& 2fs: « <s, ; 

04 > t^^h^ pj^^g^e^ ; 

io i3R3 AHH^flU 2 IB ^ HIS fll £ - ^ fll ; 

m 5 lIl*f0Urii*M!^^l7Fll ; 



1 /In 



iiifiii Aii^g i o mm^mmz—^m 
mi 2mfcm^mmij&m^mmm^^!m^mm 
mi 3m^m^mmmmm^.mmm^.^m^mm 
mi 4 m%mm i 3 m^^mmz-mm ; 

SIS 10 ±^®10a 
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10 



15 



20 



45 



<r ) 

:fil01 



KWJtll 
GaN^ijM HI 
H-V§14Jf 12 
InGaN / GaNjf 121 
n-GaNf 13 
®tH® 13a 
n-GaNf 13 1 

InGaN / GaNjl 141 
P-1LIDBR 15 
AlGaN / GaNjf- 15 1 
p-GaNjl 16 
p+- GaNS 161 

nm&mmm 17 



18 



40 



ZnOjl201 
II^^®21 



±ft Dfi 30a 

25 GaNMfj®311 
n-lDBR 32 
n-AlGaN / GaNjH321 

InGaN / GaN^33 1 
30 n-GaNJH34 
Sm®34a 
n-GaNj#jg341 
* — SttJ»35 
InGaN / GaN)S35 1 
35 p-S!JDBR36 

p-AlGaN / GaNj#361 
p-GaNj!37 
p+- GaNjSJIf371 
nM^®M^38 

ZnOjl401 
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10 



15 



20 



JL - ( £ ) 

( A ) Rj i£ 550nmM 650nm£ ^ ' Sf£10nJf|M*5 
5 (sapphire) ^iHW(SiC) >^ ft itU ( GaN ) ^ # 



• {£j§ r Sm-VgttM±l^*n-GaN^^ H H H r7L^t 
J* j ' SiH^fRl ' — MQWJgf£J»12±J£j£ — 
Jf n-GaN^^HftC^Jf 13 ; 

#-1^3 • i%M r ^n-GaNjf J|f| — MQWy£f£Jf j 
2.#W£ " mm&Wkl ' ^n-GaN^lg B H B 7Afijf 13±^/&-f| 

( A ) nJ^450nmS510nm^P^ ; 

( DBR) 15 ; 

• <f£f| r £p-MDBR±/£ Jlp-GaN^ll^y/ift 

15±t?^|^ — jfp-GaN^ ( p-GaN-based - #| #D : p-GaN ■ p- 

InGaN « p-AHnGaN ) £ ^ H U ft Jf 16 > JL 14 £0 & 

(Etching) jffFSBf&n-GaNj»13^® » — ®t£Jt 14 > 

S5f&p-S!*iJ&t&S*tttl5 > &2[5fftp-GaN/f 16^&£ ■ f£n- 

GaNjf 13J|W-il£tt® 13a . J. aj^®m® 13a±f£g-nM 

iltil7 ' 3l/^p-GaNJf 16±f&§ — pM:£ 
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5- - ( 7 ) 

BR ' SI^B5 • & m ffi. io 5: IS SB 1U « £g ^ & £ 

(sputtering) £ ^ j£ 1$ W — ^ M B. M M 1 9 : 

H o 

$ph 2 ' s« mutate ^J4> • ^^mmw&ffi— 

io jsm@i8^#fj£ ; ^ : 

?§ttJf 12 * n-GaN^^ H H H r7L^»13 > % — MQWyg 'ft Jf 1 4 * 
p-M^lit&S*r« (DBR) 15##c#^||j£j|rJffj£ , gg|g 
IOrJM^KS (sapphire) > M^itW ( SiC ) * i^Itftiic 

15 (GaN) #wwj.isa5iiw^i»si?fj»i9 . p-m^mzK 

mm (DBR) 15£.Kf*fsg (Reflective Index) aJJ±50%^_ 

' f^^p-GaN^ ( p-GaN-based > $J £□ : p- 
GaN » p-InGaN > p-AHnGaN ) £ g H B H m ft jf 1 6 > J.]#;^£ 
20 p-M^i4t&S*f«E (DBR) 15± ; 

Mnm±mnmi7 > flSg&g^En-GaNjf 13j£Rfcb® 13a 

± ; 

Mpm^mnm^ . f^^e^p-GaNsi6± ; 

> m-MQwrst±jii4^s r ii4)tj 5: 
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i * &WifLW ( i ) 

H — t^He^HI (light generating layer) > ( A ) ajfe 

450nmM510nm^ra ' M H — MQWvgf^Jf I2f§ r i^I4 
£HZ1 Tfe^^il ' ( A ) nT^550nmM650nm^ 

ra : 

£nf£ 3 & 3 a nrn^ ' i^m^mmmmm^B^m^w 



— it 111 ' oJ^LT-GaN / HT-GaN JtLMW M ' LT- 



S500A - HT-GaN^ ^jSS^LT-GaN±^flfffl|8»j» > j£ 
S RI40.5I6^ m ; 

H~ jf 121 ' oJJilnGaN / GaN^2nd-MQW ; 

^ = Jf 131 - nj^n - GaN^^mmm '.l¥S"5J^2M6 
15 /z m ; 

H PUS 141 ' nJ^InGaN / GaN£ 1st -MQW ; 

HSJt 151 • nJ^P - AlGaN / GaN^DBR ; 

H/\Jf 161 • pTJip + - GaN-based£ ^ If ft il ' J9-f£nJ 
40.2M0.5 jll m ; 

20 -S-^H B Hlpf#f^i^^^Slgl01±. > l^Slgioi • pJ^M 

f5 (sapphire) * MWifcty ( SiC ) « ^M-fcif ( GaN ) 

' S¥!g± » — JRSKlO1^5feJ^3O0S500/zm2lffS 
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5- * ( ? ) 

MQWigteJ*14ffi££3fe£&:R ( A ) ,faj§480nm ' 
10 MQW$g1£Jf 12ffi££#£j£:R ( A ) ,^S580nm > Wl&PB 
Wi ffi Tfk 1Z_ "fe p a n ffl 4 1 ' iS m U b ( 480nm ) Si |£ b' 
( 580nm) » gp rJ 31 J& ~ & & 6 tft IE W£ & |£ L2 : @jtb • 

15 mmmm 5^7 mm^ ■ ^h-hse^j^ • 

(metal oxide layer) j £ # ,il • JfH#Ii5 > RT^Efi^iJ 
20 a*J»2lp-GaNJ»16± - & i§ H £ ^ ^ f% H - & # JP J. 

Ri?i7fe^^M^ftM2o . mi^rn^ am ; 
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35. - (/<? ) 

(transparency in visible range) ' 1^!J$P : 

falH^^400M700nm# ° 

H — jflll * fgHjfm * HHJf 13 1 * nizgjii4i * n 
£Jf 151 » HAJf 161 > HtglOl - S^»SI^JS191^ • m 

H-bJf 201 ' {^"SjmZnO^W^^M^ftM ' ^ZnO}# 



10 



— # RlSln x Zn,. x O - gcSn x Zn,. x O > ^ In x Sn y Zn , . x . y O# fcf Jf 

ffimf&z±mm,<km^ • 10^x^1 > io^y^i ■ j.o^ 

15 X+Y^l ; ^RlSfflt^ (refractive index) M^#1.5£ 
# §§ IM-fc jW ^ ' ^Rr^nMfll^ ( n-type conduction) il&p 
MMWt ( p-type conduction) 2. 4k M 4t M % = 
m^m±7tm (rare earth-doped) £ & » & ft J& # » ± 

20 iHttfgfilfflf > to is ^te £ # £ 3: JMU «5 ■ 
If #r^^ 8 mm 75 • ;£f|H*«!j^ » ^^HJ^rif^ 
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X - &W$LW ( ft ) 

liS ' Mlfitil (Rough Surface) 21j^JB7£;& 
10 ^IS0^$DT : 

M^mm 9ii i m#t^ ' j±mmnmm^ • ^^h^ 
15 s^a«s*f« (dbr) 32 . mmioajmmm^E * hsbs^ 

(SiC) * (Si) . n£Mfti§c (GaN) ^#|f ; 

' &«^&la • ^n-gy^e^^l^^ ( DBR ) 32± 

mf%—mm~MQw^i±m33 » .am— mqw^^^33^^ 

20 Tfe^r^^ ( A ) Rj^550nmM650nm^P^[ ; 

^.H4a . r ^En-GaNJ!±j^J||j| — MQWgftf 
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15 



i * (/>) 

£ — MQWJgftJ*35 . J. ll-MQWy£f£Jf 35jg£^£^ J| 
( A ) aJ^£450nmM510nm^f^ ; 

^R5a - mm r ^B-MQWrgt4M±^^p-MDBR J 
5 £#.1? ' ^,fi^I^4a - ^H — MQWtS'|4^35±^/^ — p-gy 
fff&f&^f*^ (DBR) 36 ; 

^R6a • %M r ^p-MDBR±^^p- G aN^^^r7[^ 

m j • mm&msa . tep-m^mfaKmrn c dbr) 

36± — jf p-GaN^ ( p-GaN-based - #lj #p : p-GaN * p- 
10 InGaN < p-AHnGaN ) UmM 37 • J. tt 30 j£ |» S|5 f& 

n-GaNj!34^® * — jgt£ Jf 35 > SBf&p-S!*? SteS 

W»36-' &SBf&p-GaNJ»37^Rfe > ft n-GaNf 34l| ^ — g 
tB®34a . 5. RlSiim®34a±f§a — nM^®m@38 • M 
£p-GaNJt37_L=£g — piy^®m@39 : 



'TP 



w ^ =§" 



1 * — n Wj^j 



20 -St^30 * -AJiMI*^ > - 

38 . jk-m±mmmmmf& ; ^ = 

^Xf£30 . {^nJSM»S > mWiikty ( SiC) 
(Si) ' Iclfti (GaN) t^WM ' — 
31 ; 
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20 



i - OS ) 

fcmm (DBR) 32 * ||-MQWy£t£Jf 33 * n-GaN^^ H %^ 
St/f 34 * m — MQWfgf£J»35 - p-a^S»Klttt (DBR) 
36^f^jy^ H B H j^^;frffi^ ' J-n-M^JS^SI^il (DBR) 32 
5 &p-S[^at&Slirtt (DBR) 365lSftf^ (Reflective 
Index) ®^90%j^T = 

l£^$ijJW ' ^Hp-GaN^ ( p-GaN-based > #lj $0 : p- 
GaN * p-InGaN > p-AHnGaN ) £ || J| tfi ft jf 3 7 - 
P-Mftm&KMM (DBR) 36± ; 
10 mnM^mnmiS ' ^S&e3En-GaN»34£ffIfcBcg34a 

± ; . 

S^piy^®m@39 > {^ISB^p-GaN^37± ; 

lata ' sb — MQw?gtej»35^s r mM±7fcj it 

M — ytM^M (light generating layer) > ( A ) pJ^ 

15 450nmM510nm^^ - ffn H ~ MQWg 'ft JS 33 M r 3tjjg£ 
TTJj — Tfc^^jf ' ( A ) nJ^550nmM650nm^ 



Bl . 



£□11 11X11 ABffi75 • ^S^#B^^g^ B B H ^|# 
W>~ iff 311 > oJ^LT-GaN / HT-GaN £ |f $ j Jf > LT- 
^500A • HT-GaN^ ^ ^ J| ^ LT-GaN± it ' 
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H ~M32l . nJSn - AlGaN / GaN^DBR ; 
IH1331 ' nJJilnGaN / GaN£ 2nd-MQW ; 
HEJl 341 > nJUn _ GaN£ ^£ If |f jf- . iPJ^nJ^2M6 
5 ^ m ; 

HSJ1351 > RjJilnGaN / GaN£ 1st -MQW I 
H/sJf 361 ' nJMp - AlGaN / GaN^DBR ; 
H-bJW371 • vJMp + - GaN-based^^^ff^ • iPJ^Rl 
u m ; 

10 -S.^B B B^fS{^/^S^St^301± . f£SIS301 • nJflM 

i5 (sapphire) * UcfigH-b^ ( SiC ) ^Uc^(Si) > 
{^if ( GaN) 72_m%& ' IPJ^ RT^300g500 /z m » 

mmmm 12114 if^ • siifi^it . 

15 &m#Wl7a • {£H r ^p-GaNjf±^ H B H r7Lfi^®^^jS j 
'. &3(^ig6a > Rl^f4^J^^!l^^p-GaN»37± . 

J^iJ&iJ^s- ja RTS}te£ 40 . 
$nn 1 3 mm 7^ • & ^ s * as #1 ■ ^#0^^«oj^ 

20 £ H *J6 fl| £ *g « ± . it-^^-^SfU-hJf 40 ; ^ 



is* : 
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H — J1311 > Hzijf 321 > HHJf 331 



•361 



Hizgji34i * % 



5JS351 > HA 

^aj»4oi . i^mznowM^±mm<tm • Jl£ZnOj# 

— # Rj^In x Zn,. x O * ^Sn x Zn,. x O » ^CIn x Sn y Zn,_ x _ y O# # If 

^ff#^c5:#M^^M# > lo^x^ i - _g_o ^ i » _g.o^ 

X+Y^l ; ^cnjfifjftrt (refractive index) S^ s ^1.5^ 
10 = ^Rj^nMfSiS (n-type conduction) n£p 

( p-type conduction) : ^nJf|J# 

?IW^±7t;^ (rare earth-doped) J2.&MM,fcM% I J^A ± 

3L»WmS#^aiffl# • i!& <B lil & }g & £ £ £ jf Ij $g ffl 
15 F*3 o 

If 1 5 ffl#T75 ' ^H/sHSSM^ ' ^^BJ^rJ 

»^B7a. ^^ilfUtJf 40£$!lt^M dP^JlfU^Jf 

Rl ill! ^ $c$l^ (self-texturing by sputtering) j£#fj|£ 
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i ^ MM ( 

' HcRlS^S&fBffifll (physical vapor deposition) j£ 

#T^$< ' ^CRl^H^mig (ion plating) feffij&tft > ^pj 
SMijWIt^ig (pulsed laser evaporation) feFft : &j8 l ' 
Rj ^3 -f-fc ^ |& tfi fR (chemical vapor deposition) & ffi ffr 
5 ^ ' ^CRTS^^ I1h b h^I (molecular beam epitaxy) 

io flc ffi & fib £ #J £ i£ m ' SIff-¥-BIia^S¥^iJ • J^HH 
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if 
n 

n 
# 



*H (sapphire) « ^.mfcty (SiC) * MUitU ( GaN ) 

5 &w.z±mmmj&-mmm'& > s^iizMQwit 

if ' llrMQWgtfli^^tS ( x ) pJ^550nmS 
65 0nm£P^ ; 

(b) &n-fei±m±j%Mn-GaN7&m^mmm2.# 

10 GaN££J!ffi:8tJ* ; 

■(c) j£n-GaNm±i$Mm — MQW^ftjf^^gg . ^ 
H^.il(b) ' ^n-GaN^^ H B H ^^jf _h^^^_ MQW ^ 

f£/f • -aH-MQWrg^MM^^^M^ ( A ) Pj^450nm 
M510nm^f B ^ ; 

15 (d) ^n— ^i4m±^sp-mdbr^^.^ . mmp 
m (c) ^m-MQwvgt4M±^^- P -M^e^sitii 

(DBR) ; 

(e) Sp-SlDBR±j$Sp-GaN^Sa?JC«[J»3:^JK > 
mm#m (d) . ^Ep-MDBR±^^-Jt P -GaN5R ( p-GaN- 

20 based) £ f| H H H ?/[ « jf ' J. & te^JffijftSf&n-GaNJf*® > 
SBf&^-^ttJi * SBf&p-UDBR - &^fftp-GaNjf , 

flm ' M^p-GaN^±=^M— pm&mmM ; 

(f) £*«isai$«±&jBKf*j»2:^R > mm&m 



*-t*.ikKj£i$.m tsa^#^ ( cns ) A4*u*- ( 210x2974s* ) 
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10 



15 



(e) 'tli^S^ii^it^^^^^ 

&«233:« > Sift > 5:^^ » ffiJM^-a5feLED o 

2. £n ^ it * *ij m m m i ^ £ r e 5fe led ^ ^ ^ ^ 

5 fej . ^ . ^^ri rT^^-,^ (e) fi^ff (f) zm ' it 

stt3?j»ftf»5ip-GaNji± - ^m^^yj^f^^-mmm 

3. $P ^ If § 5flJ $g 111 % 2 JI £ r £ ^ LED ^ K ^ 

j ' ' i^^rinj^^.^ (f) ' m — &&<£& 
(h) ; Rm&m (h) . #jh r ^^M^^^_hj S ^^ 

4. $D * If * fl| $e S l£ 1 31 £ r 6 5fe LED ^ ^ ^ 

&j ' ^ ' ^ £ & rt & # as (f) ' m — ^&^$r 

^ ig ^i-J ' SUff^R (e) . rT £ f£ £ij & pj £ 

20 lliftf 'If^lPfo 

5. #D ^ If « fij $g ffl H 4 II £ r g ^ LED ^ it ^ 

&j - • mumnjtepm ( g ) - 



HI 
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20 



(dbr) ^^i?^ H B H j^^M^ ' m^^immm^ 

(sapphire) fcfff R fcM M : 

MWBM ' #lSp-GaN^ ( p-GaN-based ) £ H H -//[ 
SIM ' I^ft4p-IDBR± ; 

&pM£»«@ . {£!&M:£p-GaNj!_t : 

15 rMQwgttfi^ r 7fe^^7fej zm=.y£m±m • r^s 

( A ) nJ^550nmM650nm^f^ ; 

With ' — =B;*r#^&i£LED»3fe£g« ' I& B t ^ 

7. tin m m m m m m 6jm z r a ^ led ^ # ^ §i 
ij ' ^ ' mmw. ' RT^fiR^^ ( sic) ^ mm 
<tm c GaN) mum • 

8. $0 ^ If H #J Se H II 6 II £ r fi ^ LED ^ # 5fe ^ 

— ^-nJS p-InGaN > ^ p- 

AlInGaN^li^ftLfijif . 
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S HI rPa tf 



LT-GaN^ft$fe 



^ * t*fr ffl 

9. $n ^ if ¥ fij 95 ■ H 6 ii 5: r e % led £ g 5fe m. 

10. $0^» *^Jf5BSl6^2: r t£ LED£ # }fe §| 
5 Ij » ' l^it^M ' SI — ; K 

m^mmitm ■ fiij^itiiij: • «w wm^i 

11. — a r a ^led^: 

— LT-GaN / HT-GaN^^flj 
X*K±5H£ffll8»j» ' J¥ig R]"^30^500A • HT-GaN{£j§ 
^C^^LT-GaN±^^^|ifjjl . P^pJ^0.5M6// m ; 

— InGaN / GaN^2nd-MQW^ - 

— n - GaN^^lSfiJf > JpJ^nJ^2M6// m ; 

— InGaN / GaN^ 1st -MQWjW ; 

— p. - AlGaN / GaN^DBR ; 

— p + - GaN-based^^lffi jl . ff. pj j£ 0.2 3g 0.5 // 

m ; 

-El^Sfe ' "JJiMSS (sapphire) #J| > $fc^300S 

500^ m^m^5ifT^ H H 0 ' ^h^j^m ' n&m%nmmi&5o 

12. $a^fflf *fU«&BB3iil^;2. r fiTfeLED^^Tfe^ 
Ij ' • PcSIS > 3ft-*£ (siC) > mm 
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ffcSE (GaN) affcfjf ; iil^lff . it — #nJSAg^ 

Sj ' ' ^P + - GaN^^^ffS ' it — f njfp- 

5 InGaN > ^ P -AlInGaN^^ H H B ^!*M • 

Ij ' ^ ' ^P + - GaN^^fiJlJl ' si — ^aJ^HW 

— ZnO * ^ZnOf#||Al^#® ft Jt - W M 50AM 50 
# m ° 

io i5.$n^if n^ijfSiB^ ii 115: r TfcLED^t 

Ij ' ^ ' l£p + - GaN^^fijlJi . at — ^-pj^-ft^" 

— In x Zn,. x O - ^Sn x Zn,. x O > g£ In x Sn y Zn,. x . y O j£ ^ ® g, ft 
if ' ffJ^ nJ^(£50AM50 // m ' lO^X^ 1 . 0 ^ Y ^ 1 > _& 
0^ X+ 1 o 

m ° 

20 ij . ^ . m? + - GaN^^m i mm± • si — ^-rfi^^w 

-nMte3*^pM«$£&Sfc{-bJff# . ffj^ pJ^50A^50 
// m ° 

18.$P^|f JMUIES^ 11 II 5: r STfeLED^f 
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%W^Mi±jt% ( rare earth-doped) ^^Sfi'fcJf % ° 



(a) ^St5±^^ — n-IDBR^#§ > fl^MSS 
5 (sapphire) * ^ffiH-fc^ ( SiC ) > ( Si ) ; Uc&fcg 

(GaN) mm2.±mwBj%-mmm'& • ??$<ji-n-M^ 

&*§Stf§t (DBR) ; 

(b) 3En-KDBR±j£:S^-MQW?gteJt;£^Bl ' & 
(a) . ftn-MDBR±f ^- itf£ — MQW^ftf ' 

10 II Zl MQWft &mm±X:Z%L£k ( A ) pJ^ 550nmM 
650nm£f 3 e E | ; 

( c) ^m-rgtt^±^Sn-GaN^^^ H B H -/7[^®^:# 
H ' mm#W£ (b) • £H -MQWvSt£Jt±712j£ — n-GaN 



(d) Sn-GaNf ±JtSi-MQW^tl^^l > 
(c) - Sn-GaN^^ B B H ^^^±^it — %— MQW 

450nmS510nm^f^ ; 

(e) — MQWgftf J^^~ p-SDBR^^,^ > 

ft§| (DBR) ; 

(f) £p-MDBR±j£||p-GaN^ I f|ffifcJt£#gg > 
(e) • Sp-SDBR±f^- itp-GaN^ ( p-GaN- 

based) £.&Htf[fllJS ' J.i^ttMfe!KPa5f&n-GaNJt^® > 
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— JgtfcJ* - ^f^p-lDBR » SS(5"f&p-GaNJ»^|S^ . 

mm ' M^p-GaNM±i^m-psy^®m@ ; with • 

20.£D ^ |f «*IJfB|l$ 19^2. r a 5fc LED£ §g it ^ 
(g) : Rm^WH (g) • f£f§ r; £p-GaNjl±^ B H H rA|i 

^iiftij ' ^jw^si (e) . ni&ten'&mm 
io ^ P -GaN^± . nL^^^ij^f^M-mmmmK ^im^tz 

?£j » ' M^ffi rTS^R ( g) £t£ ' ii-^<&^# 
»(h) ;a^^.^(h) . f£j| r ^£JSfMtJW±S£^ 

15 siij • mmm&m (g) • RT&&j»*u-fcj*;2. 

( DBR ) > IlMQWgtf * n-GaN^^ H B B r7Lfi 

^ bI :R ffn $c • 
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7, * t ft * *I la SI 

mm mm » ti*Hp-GaN^ ( p-GaN-based) £ g H ffi 

5 tatft ' i-MQwgitiis r m^^7fej £it 

— t£M£J1 ' ( A ) nT|E450nmS510nm3:M ' II 

( A ) nJ^5 5 0nmM650nm^P^ ; 

10 ssg^^^sgEm^iS • 

23. $Q ^ iff ¥f0fESI^22Ii5: r S zfc LED£ # 5t §| 

a j ' • • Si — ^RT^SRft^ CSiC) > 

(Si) * (GaN) fMf . 

15 gj '^"^'^f^^JS'il — ^nJM p-InGaN > ^ p- 
AlInGaN^^H B B r7Lf«jl • 

Ij ' ' ^n-MDBR^p-S[DBR^^|t^ > ffiMfeft 

20 26.$P^|f ^ffJfE Sim 2211^1 r 3fcLED£^^^ 

7fef£tslII^^400M700nmif » 

27.-H r E3 5feLED^#5fe^a j 
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mm** > fes • 

— LT-GaN / HT-GaN£|i®Jf ' LT-GaN{£ Ji?Gj& 
*tg±^f£ffliS«jS ' mm pJ^30^500A • HT-GaN{£S 

5 — n - AlGaN / GaN^lDBR ; 

— InGaN / GaN;£2nd-MQWjf : 

— n - GaN^^^fiS ' W-lM. Rj£E2M 6 zz m ; 

— InGaN / GaN^lst -MQWf ; 

— p - AlGaN / GaN^DBR ; 

10 — p + - GaN-based£^ij|ii Jf - jp g nj & 0.2 S 0.5 zz 

m ; 

-&l£Sf£ ' RlSMWS (sapphire) MI ' J¥ nj ;£ 
300M500 zz m • 

15 |j > ^ ' i^StS ' H — # nSMMlkW ( SiC) 

(si) ^mmitm (GaN) mum ° 

' ' Mp + - GaN^^lifiM ' il-^-oJ^p- 

InGaN > S&p-AlInGaN^gllffifltJB; - 

Ij ' ' ip + - GaN^^fgJf _t ' m-#"Jj£J|W 

— ZnO » iJUnOjfcSg Al^&JfjlU-fcifll - W & «J ^ 50A^ 50 
/z m ° 
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15 



— In x Zn,. x O > gcSn x Zn,. x O * In x Sn y Zn,. x . y O 2_ & m M, ft 

0^ X + 1 - 

32.$n^ffl|*[J$S SB 2711^1 r S 3fe LED^. § ^ ^ 

m ° 
fi m ° 

34. $□ ^ it ^^ijfg mm 27 ii 5: r e ^led^^^^ 
Ij ' ' mp+- GaN^^mmm± ■ m-^^if&mm 

— f#*IWI#±7i;^ (rare earth-doped) JH ft HI # ° 
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